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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an 
inside/outside determining method and its program which 
is robust against incomplete boundary information and 
can determine inside/outside even if boundary 
information is incomplete, whose processing time is 
short and high-speed, which can be installed easily in a 
computer, does not raise fears that different spaces are 
classified into a single space and can be applied to a 
multi-space. 

SOLUTION: This method has an external data input step 
for entering an external data 12 made of boundary data 
of a target 1 (A), a cell division step for dividing the 
external data to a rectangular solid cell 13 crossed by a 
boundary plane (B), a cell classification step for 
classifying each of the divided cells to a boundary cell 
13a including the boundary data and a non-boundary cell 
13b not including the boundary data (C) and a space 
classification step for classifying the non-boundary cell 
13b to a plurality of spaces partitioned by the boundary 
cell 13a (D). 
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[*ft#ai **** 1 ©##7 i -**»e>fcsfl.«7 i - 

*1 2SA*t*»I?-^*^f«^ (A) t, 

?»-bJU»fijx?-y7° (B) t, »fij^nfc§-tr;u^it# 

•x-^Sr^tr^-feJP 1 3 a 

nft-tfr 1 3 b ti'iK^-r z-kfrmftXTv y° (c) 

fC(D^r B T{'E^1-^^r.fllK»X^-y y (D) iftfT 
5. 













ft^-****^? (A) | 



•te^awxxy:/ (b) j 
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1 

(1 2) ^A^Tr^gBx-^A^X^y (A) t. 

3) c^sijr^-fe^wx^^y (b) t. aaisnfc 

ft-kJU&flK^^-^S^traS^-fe^ (13 a) 
-^S-S-^J&^IPflHSi-fe^ (13 b) ilCE^tSt)P 
K^X^-^y (C) ffi[|E#»#-fe;i/ (1 3 b) £ig 
#-fe;U (13 a) tftt«)6nfc«»O^IHK:K»-r-5S 
r^Xr^y (D) £:£#T-5>> Ct*»«frs« 20 

[St*Jg2] WEailllK^xfyy (D) 3ffl# 

mL&®mm7£-rz>mm&f£z.Tv7 (dd fifjta 

tt##:-te^ (13) OiT^ICtlLTaratfk* 
5^jp#tfr-5 5^;pf*x^yy (D 2) 5"Wft 

3) 

m^DltfX'ry? (D2) tt. ttffiW-fe^ijtaE*© 
•bJVmmft±)\' (13 b) Tfe-5Ji^f'tt^S-fe;KC 

(El) <fc, jtg-feJl^^-feJI/ (13a) T*«>^-& 

(E2) il;W-feJl/^§6#-fe;U (13 a) 

D^^-fe;p^#*lf-fe;p (i3b) T-ab?.^^(c«^p B T 

tk*7^Mltt5Xff7' (E3) ifrS&D, 
^JM^IEX^:/ (D3) ^g-r-5-fe;i/O^^S 

*f£j£fe!rr3xxy ^ (fi) -^©afc/hsv^na 

r^(F2) t^efe-S, 50 

[it*-® 3] Mm±)Vftmx? : -y7 (b) t*^T> 
d3) s^afr-^c-tsns^isi 

[«3fc9H] SfifB-feJl-^fiJX?-y7 p (B) tiUT, 
Tf^±)l^-^=&Wl — C0±^^(Dm.J}^-t)l (13) tC 

[Iir*JH5] i»lB50M*;*?v:/ (D2) ti, x, 
Y, Z«3^(i&Ifc^bT«gtC»jiL, *V»ttff#Wa:*a 
IKiO. MKfi^rtt-fe^ (13) <D£T&«te;£3rr 

im$tm6] Hute^^iw^x^-y^ (d 2) 

^IEX-t-^X 0 (D3) tt. ^^-fe;P#(C«S^ff«/V J£V* 
«. 7^JWXt'7 7' (D2) *-r^T©-tr;i/^*fLT 
ffofc^, 7^;H£lEX:r-yX' (D 3) C<h£ 
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a, 

Sfcafl-ffiT*-* (12) SrA^f S^gp^-^A^X 

f7^ (a) t, mm^-zzm^wtim&rz 

B.Jjft±)l< (13) (C^fiJ-rS-fe^WX^-y^ (B) 
i, ^WStlfcS-fe^Sr^^-^^tT^ISt-feJP (1 
3 a) tai^-^&^&l^SSJH*^ (13 b) t 
(cE^-rs-feJUK^X^-y^ (C) i, B5fB#«#-feJP 
(13 b) ^if^-fe^ (13 a) TttSJ e-tlfc^ISc©^ 
rairE^-r«»^P B 1E»X5 : --y7 p (D) i**jrr*>&«> 
©^1?-^- ^ © W£ X° □ ^ 5 A . 

[0 0 0 1] 

[»W©JR-ratttl5^lf] *fPJ3«. 2#7cXtt3#5c 
[0 0 0 2] 

[«£*©££«] WSfcMfS • S*SH»©S«K4s^T, C 
AD (Computer AidedDes ign) , 
CAM (Computer Aided Manufa 
c tur ing) , CAE (Computer Aid 
ed Engineer ing) , CAT (Compu 
ter Aided Testing) UEtf, ^rtl^ 

nmm. am mm. m.m<Diys.a.u-^ 3 >^ti- 

<65C-S imu 1 a t ion (Coorporat i 
ve Simulation), *DI7°P-feX L 
fcA-CAM (Advanced CAM) , ^SffiCDS 
^/^mit^D - fabrication (Determ 
inistic fabrication) fti'fe, f 

[0 0 0 3] ±Mbfc^5l5<D->5a.W-v-3 >#^T 

<h^jE<fft3tl-5. £©«fc-5&«"&, 2^7cXtt3^7C 
iJttS. ftSfefflftfl-flH&^fcfcUTB:. (1) 

ffi. (2) gmjgft&Ai ^tiMS (its) 
(3) H^5aa^*5^S7x^3i». (4) 

(5) Curlessfflm (6) A#*£ffio 
fcSzel i s k i ©JSf>Pu 1 1 i CD^ffi, 

9 - 8 1 7 8 3^m&$a?>nT^z>o 

[0 0 0 4] 

[5iBB«bi5i:t5SI] (1) CDM^fiEfi (Jt 
1) S (R a y crossings method) 

^^SfH«^fi (J63B) fci;Ui, " 

Computational geometry in 



3 

C second edition" (J. O'Rou 
rke, p. 246, Cambridge Unive 
rsity Press, 1998.) KBISStlT^ 

£«> mmj&& mm) mt. ytmmc^rz^m.^tmr 
[0 0 0 5] (2) mftmn<D&& j *%.p>tiitmmmm 

tt* P?^ ^^;HB4ftfflaj (Rosenfeld & 
Kak ggiR, iEttf-^SL PP. 353-35 

[0 0 0 6] (3) ■#«afc:*«'*^x**»tt, PI 

r^-Y ^^Jl/Hfifejjtaj , p. 3 3 4fcH«*tlT* 

[0 0 0 7] (4) £n£imifiT5;fr&£l,T^;£lRj51 
» (Hp. 3 3 2) t>*Sj&*3»#**«^. 
[0 0 0 8] (5) iJ/\-7X/yz7U>? 

r i e s s (ojjffit. mmmizmAjrmm^mmMm 

X. E(i^StJ<|»Hft*«^#T«*l/T, 
£S1#igT£jSiM&:5ffiT&D, "A vol ume t 
ric method for building c 
omplex models from range 
images. " (B. Curless and 
M. Levoy, In Proceedings of 
SIGGRAPH '96, pages 3 0 3-3 1 
2, August 1996) izMTxZtlT^&o 
bCu r 1 e s sommt. £T<D'te)V\Z&V}Z>mffim 

[0 0 0 9] (6) A#*£&ofcS z e i i s k i © 
^ffi (R. Szel iski. "Rapid o c t r 
ee construction from imag 
e sequences. ")-^Pulli <£>2jr£ ("R 
obust meshes from multipl 
e range maps." K. P u 1 1 i , T. 



(3) «fBH 2 0 0 3 - 3 3 0 9 7 6 

4 

Duchamp, H. Hoppe, J. McDonal 
d, L. hapiro, W. Stuetzle. Pro 
ceedings of International 
Conference on Recent Adv 
ances i n 3-D Digital Imagi 
ng and Modeling, May 199 
7, pages 205-211.) t>»t?*»#U& 

Mmou (mm?-?) t£iajsA#*Tr# 

^(projection) J»fP*#-feJHC*^TfflV^ 
[0 0 10] ttR?9 - 8 1 7 8 3f(Z) r^rKMfK^ 

£ n & t *r * & 3 ^ ^ <d b mvm t **— s-r * ^ * 
Tst><oT*a. b^u eio^ste, Kaffir 

a? [ooii] *»Ktt±ai/fcHBjS**i*"rsfc*te: 

•5 il £ tc i& o 
[0 0 12] 

50 o^^-^^e^s^-SK^-^ (12) sA^-rs^ 
¥w-t>m&-?z>m.jjft±Ji' (i3) ic^fij-rs-fe^fij 

(B) i, ^Snt^-fe^S**^-*** 
ty^#-feJl- (13 a) t«*5*-^*-&*!&^#«6»-fc 

;i/ (i3b) £izm.ft-rz>±.)um.ftXTy7 (O t. 

Huf2#%^--fe;U (13 b) **#-fe;|/ (13 a) T{±« 
enfcStffl5P»1l:K»T5^E»Xf7^ (D) t 

40 [0 0 13] Sfc, *5$mz£.n\£. gtl£«£ffl^T, 

*t*«Ko**5*-^*»e.a:*^a57 f -^ (12) sa* 

tS^f-^A^JXf'^ (A) ftulB^a^-^ 

Mf>m^-r^m^^)i (13) ta-a-r-s-fe 
^ssaaw-feji' (13 a) tswT*-****^* 

i£#-fe;U (13 b) iCE^tSt^K^Xfy^ 
(C) t, d»S*«l»t^ (13 b) £*#-fe;i> (13 

a ) t- tt so e tx a * <d & miz k # -r 3 £ Ifl E # X ? -y 

7 (D) ££*jrr*fc#©*f^-*©rt**Jj£:7n 
50 ^7AASIftStl5, 
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[0014] ±e*aswo*ffit-t<o^Di/7Afcj;n 
«, t^»Mxfyy (b> t^to^^-^? (i 
2) ftat^TH^itss-rsit***^ d3) 
u t;ns»xfyy (c) T»«an&#i2***» 

•feJI. (13 a) t#»IHr;i/ (13b) <^CE#TS<2 
^£5^-^ (12) BfilCi|}HMIWf*«ftoT 
fe, ifc-r**-fe;p (13 a) XJ4#«*-fe* (13 b) 
£E#£*l£o £fc> tt2r#-fe;i/ (13) B\ 7c<E>«# 

IjS) 0***tft>0**»"fc^ (13 a) <hT£;i£ 
£<fc*K ftl^-^tt&raWiz^ (13a) i^^n 

fe, *o^*©**a***fl(itlM2:;i/ (13 b) <d^^ 

(13 a) l:$Sn5. Lft**^T**91©#ft£*<0 

[0 0 15] *5»W<o*(F*b^3iat»«k:J;n«, ME 
SBK»Xfyy (D) ft, *SWJ#^k*«J8Rj£-r* 
D»Xr^ (Dl) (WB«*#-feJI/ (13) 

MXt7^ (D2) t, ^;M*ttbfc£IBHH*k« 
^t^fiT^^^iEX^^y (D3) t^SftO, BE 5 
^I/ftXxyy (D2) \t. !Mt!<D±)lsiLjfc&tp<D±)l 
*«###MzJP (13 b) T*-&«-&KJ4*3t-fe;HCll[at 
■tr^^raU^MS^kS^^Jl/fttt-r-SX^y^ (E 
i) £SE*;i/***#-fe;i/ (13 a) T**»£K:ra 

^ (e 2) mm±)ifim^)i (1 3 a) t&d^ 

3t-fe;P*«**»-fe^ (13 b) T?»S«^fctt£|HJ#^ 
k£k + l fcM«rb*io**"fe;Pfc3E«fU«:fflPiB#^k 
S^^M^T**^:/ (E3) t^S&tK 
^jEX^^y° (D3) tt, »»-rs-b:JKOSIB#**Jt 
KfSXfiy^ (Fl) <h> *<o*t>/h$v^lH##fc 
P^T^t-^T^^^co^r^S^k^^^fiTX-r-^^ 
(F 2) LfrZteZo 

[0 0 16] £ Affile J; tlfcf, BS^-fe^ (1 3) <D 
±X\zMVX, 7^JH«f7y (D2) t^^O^miE 
Xf-yZf (D3) * 1 [HlfofT^/f^ f^TCD#* 

JM:* (i3b) *«*-fe;p (i3a) trtt«J6ti&» 

*tt^tt>, fflHISIHttO (n) CQ^-^- (nK 
&ffimT$>Z>o 51:, (13 a) Ttt«J£*tfc 

atR^^micttR&ssiBS^kji^^&ns^T, a 

[0 0 17] WnB-fe^WXT-^^ (B) 

X, WLJj»±)1> (l 3) e*«^-*K**n*«#H 
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*fc, »Bt*»*^fy^ (B) fcfc^T, 

^^ir;i/^-^^|wi--co^:#$<7)ii:^#:-fe;{/ (13) k: 
»«"T«, Cti«ffSLK t^»axf7^ (B) \z 
tel^X Aft^ttmT % Z. £\Z<k V , V-CADr-^C 

■jut*;: »»«r*::4:ic«to, 

[0 0 18] idE7^I/tt7fy^ (D 2) tt, X, 

atcko, ftufBfi^i^ (i 3) <D±x*m\zM&-? 

£ e kite, X, Y, Z0)3jfS](i 

tctt, f?»W&«»fc<ktK ffi^irJU (13) <D5lX 

[0 0 19] fflfBE^^^X^^^ (D2) h^Dim 
TE7s<tv7 (D3) ^^ir;i/StcM^ff^> *l> 
fct, (D2) ^T^TOt^MlT 

fT^fcft, ^^lEX^y (D3) ^fT^^W 
^ SIK ^^l/ttX^:/ (D2) <h^;M^IEX^-/ 
y (D3) *aE"feJHtfc«k:ff "5d£T, BigT5 
■r^T<Z)-fe;i/©!SIB#«k*»t>/hS^IB##fclttWF 
ttttirr fflB»*k 

So ^^l/ftX^:/ (D2) ^-<X<D±MZ 

MlsXft^fcm, "y^^m^ETsJ-vrf (D3) ^rfT^^l 

[0 0 2 0] 

30 [0021] *58W<7>»9I#*tt, Jfcfc* r^«£#rft 

5 (££§S2 001-02502 3) o ^OO^ffi^, fl^ 

SltS^t^T?*, CAD^y^alz-ya 

$)§c ^CD^ffiKlcfcS^— ^£ rv-CADf-^J i: 

^Uj.-ACADj rv~CADj tl*^o 

[0 0 2 2] ^^OWI^x-^^rt^Wft^tttt, V 
-C ADr- ^^3Sil-rS<D^#{C3gbT^S^% Z.tl 

izm^nr, mi$<D#2t)i^-&izi$mmizmm~? 

[0 0 2 3] «D»IC*»SIC*»5fflitrat5. A 
^^LT<Z)ii* («®) r-^**5i*l:#?W 

©*iBi5«ttX* r-fejp (eel 1) j t 
5^ *JUfc»bT«iB©*«*ff»a**«*«)-fe^ 



(5) 
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£ tm^-tJl (boundary eel 1) J , SI 
<D«ffi£t>fc£^-fc:;i/* r#pj»ff-fe;p (non-bou 
n d a r y c e 1 1 ) J (49 JK 2001-02502 
3 Ttt r^SK-feJU (inner c e 1 1 ) J ) £ J: 

CD ( r# y ;i— AiM:|?. (volume world)] 
■SfcttHiK: Ht^ (wo r 1 d) j ttlF- 

(BM (cell complex)) 0 10 

[0024] m>#i*-£>£> *»-fe;i/tt-fe^s««f« 

(boundary: WC«^6ft5**iHCfi 

[0 0 2 51 Hlti *»*©*»5*-*<Brt*ffl«:* 

&tt; ^«f-^AXf^ (A) , -fe^fiJAx ^ 
^ (B) , ir;HK^A^^y (C) , RtfffllBK^Xy 
^ (D) *6&§ e 

[0 0 2 6] ^{B^-^A^A^:/ (A) Til. ^SB 

>lfa-^*l:AAt5. -fe^WA-r^:/ (B) T 
H fl-BB^-* l 2 ***¥B««iSt*il*#tJI/ 1 

#-fe;PTfe«t^ 0 t^E^T^^ (O Ttt, »»a 
ftxf^^ (D) Tftt, #**-fc;n 3 b**WMr;n 

[0 0 2 7] V-CAD^-^Sgffl 40 

-r*«-&^tt, twaxry^ (B) fc:&ivr, fi^ 

j^-^fcigffl-r^W'&fctt, t;^ijxf7^ (b) 

[0 0 2 8] 0 1 (D^m&'AT.'rvy 0 (D) 

y (D) ^J^IS^A^^^ (Dl) , 5^;m*at- 
^7° (D2) R^^^^^IEAT-^y (D3) S & ^ 
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3- WttXf^ (Dl) ffiW#^k*«3»! 

(k=l) T^>o 7^H^f^7° (D2) Tftt, 
it*ft:ir;H 3<D£T*J«K:**UTffilH#^k£^ 

)Vttvt-rz>. ^sommx^y? (D3) 

[0 0 2 9] 7^WXf7^ (D2) \t, i7 

-tji^r-^izmmTzmstzu, x, y, z^3^i: 

^lTl{:iigt 0 Sfc, v-c AD^-?^mm~?z> 

[0 0 3 0] M2 \Z&\,*T* (D 2) 

B\ 7>tv7 (El) > Tsy-v-f (E2) J&tfX^-y? 
(E3) frbte&o Ts^T-v^f (El) tC&^T, fimfCD 

■fe;ut*aE+o-fe;^#*lMr;u l 3 bt*s«^i:« 

So Xf^y (E2) tc^3V>x, ^aEir;W%lfir;n 

Tsj-v-f (E3) fciswr, asM-fe^a* 
«»-fe;n 3 aT$)D, ^*5e-fe^*«#«lHr;n 3 
bT^-Si^liU £W##k*k+ 1 fcKKU 7^0 

M&±MzmmvtzQm&^k%?^)ismttz>o 
[oo3i] $&H2 ki^t, ^soimmxTyy 
(D3) Bift-rs-fejKDffiBis^stfcii-r*^?^ 

y (fi) t, -e<o*t)/h*v^iB*^fci»»Ts*r^ 

T^-ir^CD^P^S^k^^^tfTA^^^ (F2) *fca> 

[0 0 3 2] ^^JU#A^^y (D 2) 

i^IEA^^y (D3) H £2E*^«K:MBfcfroT*>S 
<, ^^^f^tA^^y (D2) ^T^TOir;u 

KttLTfrofctk ^^;i/^iEAT-^y (D3) £ffo 

[0 0 3 3] 0311 2*%{:^tt^)7^M7T7y 
(D2) <Z>«SCHT*0/H4tt, 3*tE^*5^S^^ 
MXryy (D2) <D«fefiHT*5. H3R£*B4ft 
tilt, ♦aWiO^jSftEfcBIBfciBlWr*. 
[0 0 3 4] AAr-^ilt, £ra<B*#*»£1£5f. 

^^^r-Afeffr-r^co^f *) o SAA^S^ 
SB^-^ 1 2lt u \ t^g 

V-CADag0-f>^-7x-Xi:i:OA^ 
cOAAfcckOltftfPrtSnfc^-^d:, (2) »««^ 

CTX^Ft>^MR I , *5<fc?/— «WfcVo 1 u m e V 
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[o 0 3 5] ua^-^h* ffinusr^fca&s^^jw 

[0 0 3 6] H2fc6^T, r^;j,j ttSSRHSBiMT 
r;^ (C) fc&^T^J^nT^o cnttffl^Oir 

oD^t? o sWft s a> £ 5 3&>-ett*te*J»J t # -5 o 
[0 0 3 7] (i) t^:? (D l) tc&^x 

(2) *'Ja"Att^SMf»-feJ^^§J: 

(3) HT, #^-fc;WKTttX f Y, Z03MWtl 

t*nfn;p-^ OBiciftBiiu) sssts^ttj: 

[0 0 3 8] ^3T*4> ^cD^fa£^PT^U iftl?- 

■fe;n 3 a§;\7f>^*u s-fe;i/<D3srBis^k* 

(4) x^:/ (ei) Ttt, a^t;w^tJ^:^ 

NTS, Xf7^ (E2) Tftt, *»-fe^fc»4^IB 
0 (it^«r^i-^^;W $tyht5c 7.J-y-f (E 
3) Tftt, Btf*«fJJ.-fe;i/38«*&»*K:, k£k+l 

Jf-tJH3afcaiBW0StyhU *#*SJMz;H 
3b[:^1#f k, k+l, k + 2. k + 3^t7ht 

[0 0 3 9] (5) 7^#Xt7^ (D 2) 
^lEX^^y^ (D3) **3t-fe^*K:)B»Cff5«'&lC 

»SLfl9atD«3«45cttfB«ia©IH 3fi (2 
6PSCD¥») 0 3<B0»m4, ^r«1#^ 

k> k+1, k + 2, k + ife/h^WOS: 

[0 0 4 0] (6) J^T (3) - (5) SrSftOigbT* 



(6) WH2 003-330976 

(7) ^^^ftX-x"-/^ (D2) ST^TGHz^fclJtU 
TfrofcgL ^^JU«iEX^>y^ (D3) SfrStt&fc 
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